Na+, K+ and Ca2+ antagonize the glutamate- and glycine-induced decrease of [3H]MK-801 binding observed in the presence of Mg2+ at low pH.
NMDA receptors are glutamate-regulated ion channels that are of great importance for many physiological and pathophysiological conditions in the mammalian central nervous system. We have previously shown that, at low pH, glutamate decreases binding of the open-channel blocker [3H](+)-5-methyl-10,11-dihydro-5H-dibenzo[a,d]cyclohepten, 5,10-imine ([3H]MK-801) to NMDA receptors in the presence of 1 mM Mg2+ but not in Krebs buffer. Here, we investigated which cations that block the glutamate-induced decrease in Krebs buffer, using [3H]MK-801 binding assays in membrane preparations from the rat cerebral cortex. At pH 6.0, Na+, K+, and Ca2+ antagonized the glutamate-induced decrease with cross-over values, which is a measure of the antagonist potencies of the cations, of 81, 71, and 26 mM, respectively, in the absence of added glycine. Thus, in Krebs buffer only the concentration of Na+ (126 mM) is sufficiently high to block the glutamate-induced decrease observed at low pH. In the presence of 1 mM Mg2+ and 10 mM Ca2+ at pH 7.4, the cross-over values for Na+, K+, and Ca2+ were 264, 139, and 122 mM, respectively, in the absence of added glycine. This is the same rank order of potency as observed at pH 6.0, suggesting that the less H+-sensitive and the less Ca2+-sensitive, glutamate-induced decreases in [3H]MK-801 binding represent the same entity. The glycine site antagonists 7-chlorokynurenate (10 microM) and 7-chloro-4-hydroxy-3-(3-phenoxy)phenyl-2(H)-quinoline (L-701,324; 1 microM) antagonized the glutamate-induced decrease in [3H]MK-801 binding observed in presence of Mg2+ at pH 6.0, suggesting that glycine is required together with glutamate to induce the decrease observed at low pH. These results suggest that in addition to a previously described high-affinity binding site for H+ and Ca2+ there exist a low-affinity binding site for H+, Ca2+, Na+, and K+ on NMDA receptors. The latter site may under physiological conditions be blocked by Na+ or K+, depending on the extra/intracellular localization of the modulatory site. Both the high-affinity and low-affinity cation sites mediate antagonistic effects on the glutamate- and glycine-induced decrease of the affinity of the [3H]MK-801 binding site, which may correspond to similar changes in the affinity of the voltage-sensitive Mg2+-block site inside the NMDA receptor channel pore, which in turn may affect current and Ca2+ influx through activated NMDA receptor channels.